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We, Minnesota Miming And Manupac- than the corresponding non-fhrorinated acid. 45 
tohing Company, of 900, Bush Avenue, Saint The intermediate oxygen atom permits 

Paul 6, Minnesota, United States of America, rotation and flexibility of the fluorocarbon 

a corporation organised under the laws of chain, and it lowers the refractive index. The 

0 the State of Delaware, United States of present add differs materially from perrmoro- 

Amenca, do hereby declare the invention for adipic acid, (CF^COOH)* evedAough 50 

which we pray that a patent may be granted both dicaxboxylic acids contain four perfluorin- 

to us, and the method by which it is to be ated carbon atoms in the linking Sato, 
performed, to be particularly described in and The present-arid has general utffity as a 

10 by the Mowing statement:— m dicarboxylic fluorocarbon add in the six 

This invention relates to a dicarbaxyiic carbon atom range and the various derivatives 55 

fluorocarbon aad and related di-derivatrre have corresponding utility when use thereof 

carboxyiic compounds (add haEdes, metal and is indicated in place of the add. 
ammonium salts, and alkyl esters). This perfluoro-oxydipropioiiic add has 

This aad may be termed perfluorooxydi- notable utility as a starting compound far 

^^^g^^S^OH adf* ^^^^^onic 60 
which can be abteev^ed as^— HCFjCFiOCF^COOH 

Tt « -a OCCFa^aCOOH), whkh is a new and useful MgMy-fluorinated 

The perfiuorc \ 9 prefix signifies that all monocarboxyHc add. The kttercan be made 

carbon-bonded hydrogen atoms of the cor- in good yields by monodecarboxylation of the 65 

responding oxydipropionic aad of conventional present add, which can readily be effected 

organic chemistry have been replaced by by heating the add with an organic base such 

fluorine atoms. ^ ^ J . aa raperidine. So far as is known, mono- 

This aad, and the corresponding di-denva- decarboxylation of the present add provides 

uvea wherein both hydroxyl groups have been the only practical rente to the preparation of 70 

replaced to form a ccrresporidmg add halide, this patf&nhr mmcKartexylic P ^d and k 

metal or^ammonxarn salt, or alkyl ester, con- thus provides a starting compound of unique 

stitute the class of novel fluorocarbon car- utility for this purpose, 
hoxylic compounds claimed herein. These It has now been discovered that perfluoro- 

denvatrve compounds readily hydrolyze to oxydipropionic acid can be made in good 75 

form the and compound. yields from organic starting material by 

It has been discovered that these com- electrolyzing a mixture of an oxydiproDionvl 

pounds are highly stable, the. intermediate halide and liquid hydrogen fluoride in a 

P^ygen atom providing a strong linkage nickel-anode cell to obtain perfluoro-oxvdi- 

between the pair of fluorocarbon groups and propionyl fluoride: 

m combination therewith providing a stable 0(CF»CF 4 COF\ 

cham linking together the terminal carbonyl and hydrolyzing the latter to form the corres- 

carbon atoms This perfluormated cham is ponding add. The dectrofluorination pro- 

40 Inghiy inert ami does not possess the " ether " cedure is described in the specification of our 

characteristics of the oxygen-containing hydro- Patent No. 735,730. 

carbon chain of the corre^Kiding non-fluorin- This add is a strong salt^onning add and 

ated compounds of conventional organic can readily be reacted with metal oxides, 

chemistry. The present aad is much stronger carbonates or hydroxides, or with a ' 
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hydroxide, in water or in an inert reaction ficatxon of 393 grams thereof with conceutra- 
mediurn, to yield the corresponding salts, ted sulphuric acid, followed by fractional dis- 
Saits can also be formed direcdy by reaction dilation, yielded 163 grams of perfluoro- 
of a base with the perfluoro-oxydipropionyl oxydipropionic add: — 
5 fluoride cell product. For example, reaction ©(CFjCT-COOH)* 70 

of the latter with KOH yields the potassium An alternative procedure involved initial 
salt, which if desired can be hydrolyzed to the recovery of peiflnoraKixydipropianyl flunrfrfc 
acid as by mixing with concentrated sulphuric (boiling point 60 to 70° C.) by fractional 
acid ^ and dlsrillfng off the perfinoro-oxydi- distillaHon of the aforesaid crude cell product. 
10 prottfanyl acid product To a solution of 16 grams of sodium hydroxide 75 

The add can be reacted with nhosphorous and 200 milliliters of water was slowly added 
pentachloride or phrhalyl dichlonde to pro- 31 grams of this fluoride compound. The 
duce the corresponding add chloride which mixture was stirred for two hours. The dear 
can be used far making the corresponding acid solution was then treated with 1L9 grams of 
1* bromide or iodide by replacement' ci the calcmm chloride in 50 milliliters of water, 60 
dibctne with bromine or iodine, as by react- which caused a precipitate of ^rh^ flim rMr 
ing with calduxn bromide or iodide, respeo- to form. After standmg in a low-temperature 
trvely. These add chlorides, bromides and refrigerator for two days, followed by diges* 
iodides have the formulae: — tion on a steam bath, the preqpitate has 

20 0(re 5 CF s GOa)2 coagulated enough to permit filtration. The 85 

0(CF*CF s COBr)t filtrate was evaporated to dryness to yield 448 
OCGF^CFqCOI), grams of a white solid, identified as tncsodium 

The add chloride compound readily reacts salt: — 
with alcohols to form the corr es p o nding esters O(CF a CF«C0ONa)3 

25 (primary, secondary and tertiary) which con- This salt was triturated with approximately 90 

tain the alkyl group of the alcohoL The add 200-grams of concentrated sulphuric add The 

can be reacted with primary alcohols to yield mixture was poured into 300 milliliters of 

the primary esters. These esters have the water and the resulting solution was contmii- 

formula:— ously extracted with ether for 24 hours. The 

30 0(CFsCF^X)OK) s ether extract was separated, dried over 95 

Experimental Examples anhydrous sodium sulphate and the ether 

A 50 ampere iron cathode nickel anode removed by distillation, leaving a residue of 

laboratory cell of the type described in the 1757 grams of solid material having a vacuum 

specification of our British Patent No. 686,678, boiling point of 104 to 106° C. at 2 milliliters 

35 was employed for electrochemical fluorinatioiL pressure. This product was identified as the 100 

The cell was charged with jifiOO grams of desired perfhzoro^ixydipropionic add. Analy- 

anhydrous hydrogen fluoride and with sis showed 49.3% fluorine (49.7% calculated) 

approximately 200 grams of oxydipropionyl and 23.4% carbon (23J5% calculated). The 

fluoride as organic starting compound:— neutral equivalent value was 152, in dose 

40 0(CH£H.COF) 2 agreement with the calculated value of 153. 105 

. The latter had been prepared by reacting This add readily forms a hydrate in contact 

with anhydrous hydrogen fluoride the corres- with atmospheric moisture which " Hts below 

ponding oxydipropionyl chloride, which had room temperature. 

been prepared by hydrolysis of the corres- The sifter salt was prepared by reacting 

45 ponding oxydipropionitrile compound with an equimolar mixture of silver oxide and add 110 

concentrated hydrochloric add. The organic in 500 milliliters of water per mole of acid, 

charge jncl nd e d 5% of aceti c anhydride as a The mixture was heated on a steam bath for 

conductivity additive (current carrier). The 45 minutes, filtered, and cooled to cause 

cell was operated at an average temperature crystallization of die silver salt, which was 

50 of 25° C. and pressure of 25 pounds per separated by filtration and dried. Analysis 115 

square inch (gauge). The average voltage was showed 41.4% silver (calculated 413%), con- 

5 to 6 volts and the average current density sistent with the formula: 

was 20 amperes per square foot of anode . 0(CF^aCbOAfl^ 

area. Additions of organic charge and of Reaction of the "silver salt with iodine to 

55 hydrogen fluoride were made from time to produce the rfe'n^;^ derivative by replace- 120 

time as make-up. The crude product fraction ment of the carboxylase groups was readily 

boiling at above minus 20° C was recovered accomplished. For instance* 0.10 mol of the 

and found to include the desired perflunro- silver salt was mixed with 0.26 md of iodine 

oxydipropionyl fluoride product compound: — and the mixture heated to a final pot tempera- 

60 ^ * CXCF^COF). tore of 190° C The crude distfflate was 125 

The crude cell product was added slowly washed with 5% aqueous KOH solution to 

to an aqueous slurry of excess calcium oxide, remove free iodine and then dried over 

Filtration of the resulting solid calrivrm fluoride anhydrous calcium sulphate and Hi j ri flfd 

and evaporation of the nitrate produced the yielding a product boiling at 137° Q (at 740 

65 exude calcium salt of the desired add. Aridi- infllimetert; which was identified as-— 
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TW. i9^ s P , P* i- m h ^?g a baling point of 179° C (at 740 

SlS^f JL" CdC ^ W " ^ nulfoneters). It wu a colourless liqnid having 35 

te^^ h^g a tefcacfiive index of a refractive index of 13436 at 25° C 8 

S S. «, & SjW? 13 * hewed 54 -°% Monodecarboxyktion of the acid was readily 

^St ( 2Sj a S aX ^,^ ■ -^onfflliahed by heating in admtaure Wta 

obtamt ? i . " pip«idine. For instance; 100 grams of the 

S^^A^ ebt S tties ^ aaam f P«W>cxyo^pioniracid (0326mol) and 40 

E^JSm 7™? £ ^ 271 Snms of p^eridine (0J26 mcifl were 

10 &7^J&£2n *2£L£f % - 3 5f rC 2 y ^ * a 150 mW pot and heatedly 

farmda:^ COnslstent ^odsMetal bath. The£t vw heated to a 

n«. !!^J?£ES!£§L- Srana of dSttwS'collected to fa inartmim 

Tte ethyl ester was .prepared from a mature temperature of 180 9 C Has distillate was 

15 1^1^™,^ 137 FT " distilled to yield «T5»^f 

15 atari and 260 grams of benzene, which was product identified as omega^yoioSeXro- 

heai^ m an amararns equn^ to rtnMsve the ethexvpromcmif acid • — ^ 
water-ethanol-benzene azeotropc which formed HCF^F a OCF 1 CF I COOH 

^SSST 1 J/Sm^ **" °* ™s arid is a colourless lffi at room 

20 tSh^^L ^5l^f ^f tmued » temperature, having a refractive indeTof 

an isolate the ester product, wmch had a vacuum 1.31 and a boiling point of about 155°C rat 

boihng point of 75° C at 33 nnDimeters 740 mflHmettrsT C 
and which was identified as ethyl perfluoro- WHAT WE CLAIM IS:— » 

co^^^^Wula:-- fo ^™ y di P xopio n ic add having the ^ 

The methyl ester was prepared by an alter- 0(CF«CFdCOOH) 
^^JZSZ^^ SS fT corresponding di^ermtive add 

S2f^WJ.^?l7 itil halides, metal and armnLum salts, mi aM 60 

©a grams of sodram hydroxide. This sodium esters thereof, 
salt was mixed with an equivalent amount 

afrnethyl fMDlnene suMmnate. Reaction For the Applicants: 

occurred npm heatmg dm mm» to 230' LLOYD WISE, BOULY & HAIG, 
Cm a distillation apparatus. The methyl Chartered Patent AeentT^ 

perfiuoro-oxydiproptonate ester was collected, 10, New Conrt, Lincoln's ^London, W.C2. 

J^^mlngton Spa: Printed for Her Majesty's Stationery Office, by the Cornier Pn»a_— 

Published at the Patent Office. 25. Sou&ton BuflXra W.cT^^KSL aay be obtained 



